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SECTION 1 
GENERAL DESCRIPTION 


1. PURPOSE OF THE MODEL 389 THYAC. 


The Model 389 Thyac is an instrument for 
the detection and semi-quantitative meas- 
urement of low intensity beta and gamma 
radiation. It 15 а150 capable of differen- 
tiating between beta and gamma radiation. 
The instrument is useful in the field or 
elsewhere, where a portable instrument 
with self-contained power source is re- 
quired. 


2. GENERAL DESCRIPTION. 


The Model 389 Thyae weighs approximately 
five pounds and is housed in а laminated 
fiber-glass, splashproof case equipped 
with quarter turn fasteners for quick 
positive closure. Detection of radiation 
is accomplished by a Geiger tube mounted 
externally іп а probe. Оп the top cover 
is а sturdy metal combination handle and 
probe clamp. Also mounted on the top 
cover is the range control switch and 
the indicating meter. On the end of the 
case is a waterproof jack for connection 
of the headset for aural monitoring. 


Within the case the instrument's com- 
ponents are arranged for easy servicing 
and checking. The mainbattery is access- 
ible, yet securely held in place in the 
bottom of the case with a snap-slide 
bracket. The vacuum tube amplifier, 
metering circuit, calibration controls, 
and filament battery are mounted on a 
single easily accessible panel. The her- 
mitically-sealed, vibrator-type power 
supply is also contained within the case. 


The vibrator power supply provides reg- 
ulated high voltage for the counter tube 
and regulated plate voltage for the vac- 
uum tube circuits. The supply is in a 
sealed metal case with mounting studs 
and turret-type terminals for easy mount- 
ing and connection to circuits in the in- 
strument. Comprising the supply is а low- 
power vibrator, a transformer, rectifiers, 
filters, a corona-type voltage regulator 


tube, and а neon-glow regulator tube. 


The waterproof indicating meter is cal- 
ibrated in counts per minute and in 
milliroentgens per hour, based on radium 
gamma radiation, when used with the 1B85 
counter tube. 


The hand probe is a stainless steel shell 
with a perforated 360? window the full 
length of the sensitive area of the Geiger 
tube, and is connected by a coiled cable 
to the instrument case. The Model 389 
Thyac is supplied with а type 1885 alu- 
minum counter tube, but other coaxial 
base counter tubes maybe used. For exam- 
ple, low energy beta particles may be 
counted by substitution of the type 
1B106, а counter tube with а thin mica 
window. 


The probe shell is а shield, making it 
possible to discriminate against beta 
particles. The probe shield may be op- 
erated at will, by the thumb of the hand 
holding the probe. 


З. REFERENCE DATA. 


a. Nomenclature: Thyac, Model 389. 
b. Range: | 
(1) 800; 8,000; 80,000 counts рег 
minute, 
(2) 0.2; 2.0; 20 milliroentgensper 
hour on radium. 
с. Accuracy: Under field conditions 
p/m 10% of full scale indication. 
d. Power input: 
(1) One 1.3 volt P.R. Mallory RM-4 
cell. 
(2) One 4.5 volt Eveready No. 736 
battery. 
e. Weight: 5-1/2 pounds. 
f. Overall dimensions: 
(1) Length 9-7/16 inches. 
(2) Width 4-11/16 inches. 
(3) Height 6-1/2 inches. 


g. Electron tube complement: One 1B85, 
two 5828. 
h. Functional description: Portable 


Beta Gamma Survey Meter. 
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SECTION 2 
THEORY OF OPERATION 


1. GENERAL. 


Many elements such as Uranium, Radium, 
and Radon have radioactive properties, 
i.e. the ability to expel nuclear par- 
ticles and rays. These emanations are of 
three types, namely Alpha particles, Beta 
particles, and Gamma rays. The Alpha ra- 
diation has a positive charge and ionizes 
gases very strongly buthas very low pen- 
etrating power. The Beta particle has a 
negative charge and is actually a high 
Speed electron. It will not ionize gases 
nearly as strongly as Alpha particles 
but has about 100 times greater penetrat- 
ing power. The Gamma radiation is an 
electromagnetic wave and has no charge. 
It has the least ionizing power but the 
greatest penetrating power of the three. 
The ability of these radiations to ionize 
gases is the characteristic which is 
utilized to detect their presence. 


2. THE COUNTER TUBE. 


Referring to the circuit diagram, Figure 
2-1, the detector tube, V-1, is а type 
1B85 Thyrode thin wall aluminum counter, 
sensitive to Beta and Gamma radiation. 
Characteristics of this tube are shown 
in Figure 2-2 4 The Geiger counter tube 
consists of а fine anode wire mounted 
coaxially in a sealed cylinder which 
forms the cathode. This cylinder contains 
а mixture of an inert gas and an organic 
or halogen quenching vapor. A high voltage 
is applied between the cathode and the 
anode creating an intense electrostatic 
field in the tube. When a Beta or Gamma 
ray enters the sensitive volume of the 
1B85 tube, it ionizes molecules of the 
gas or ejects electrons from the cathode 
which ionize the gas. The negative ions 
or electrons thus produced in thegas are 
accelerated toward the anodeby the elec- 
trostatic field between thecounter elec- 
trodes. The negative ions ionize more 
molecules of the gas by collision, and 
all find their way to the anode producing 
а negative pulse. An avalanche or rapid 
spread of ionization throughout the sen- 
Sitive volume of the tube takes place. 


At the same time the ionization also 
forms a positive ion sheath near the cen- 
ter electrode where the electrostatic 
field і5 the greatest. The electrostatic 
field strength in the sensitive volume 
of the tube is reduced by the positive 
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ion sheath to the extent that the tube 
cannot sustain the ionization process. 
The energy of the positive ions is ab- 
Sorbed by the quench vapor and the tube 
is ready for another sequence of opera- 
tion. 


З. RATEMETER CIRCUIT. 


(Refer to schematic diagram Figure 2-1, 
page 2-3.) 


The Thyac circuit, composed of tubes V-2 
and V-3, is а cathode coupled monostable 
multivibrator, sensitive to negative 
pulses. This multivibrator functions as 
an amplitude discriminator and pulse 
shaping circuit, providing uniform pulses 
of current which are averaged and measured 
on а sensitive meter. The meter reàding 
is proportional to the average rate of 
pulse occurrence in the Geiger tube. Also 
included is а low impedance output to 
drive а headset for an audible indication 
of the pulse rate. 


Two filament type 5828 high-mu triodes, 
V-2 and V-3, are used in the circuit. 
Characteristics of the 5828 triode are 
Shown in Figure 2-3 . During the no sig- 
nal periods V-2 is biased to give а plate 
current of approximately 150 microamperes. 
Vacuum tube У-3 is biased beyond cutoff 
by the IR drop across the common cathode 
resistor R-6. Thus no plate current 
flows in V-3, and the meter M-1 rests at 
zero. The grid return for V-3 is through 
R-7, R-8, and the germanium diode CR-1. 


When the 1B85 counter tube is pulsed by 
radiation, the electrons collected on the 
anode discharge through resistor R-4. 
This produces a negative voltage pulse 
that is applied to the grid of V-2, 
through coupling capacitor C-1. The pulse 
is amplified and inverted by V-2 giving 
& positive pulse at its plate. The pos- 
itive pulse is coupled by one of the 
timing capacitors C-2, C-3, or С-4 to 
the grid of V-3 driving it to conduction 
if the pulse is of sufficient amplitude. 
The current flowing through V-3 causes 
the cathode voltage to rise (voltage 
drop across В-б), further decreasing the 
current through V-2 and increasing the 
voltage pulse at the grid of V-3. This 
feedback action continues rapidly until 
У-2 is cutoff by the current through V-3. 
The current through V-3, approximately 
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500 microamperes peak, charges integrating 
capacitor C-5. 


The counter tube, V-1, completes its dis- 
charge during the triggering of the 
circuit andbegins to recover, The current 
flowing in У-3 decays exponentially as 
the timing condenser C-2 charges through 
R-7, R-8, and the high back resistance 
of CR-1. This decreases the drop across 
R-6 finally allowing V-2 todraw current. 
The plate voltage on V-2 then drops, de- 
creasing the grid of V-3 further and 
driving the circuit back to the original 
condition of V-2 conducting and V-3 cut- 
off. As soon as the timing capacitors C-2, 
C-3, or С-4 and bypass capacitor C-7 dis- 
charge back to their original voltages 
the circuit is again ready to receive a 
pulse from the counter tube. 


Because of the random nature of radiation 
it is paramount that the total effective 
dead time be kept to а minimum. As the 
recovery time is reduced, the linearity 
of the instrument is improved because the 
instrument cannot register pulses during 
recovery intervals. In the Model 389 Thyac 
excellent recovery characteristics are 
obtained by incorporating a germanium 
diode (CR-1) and the bypass capacitor C-7. 
During the increment of time between the 
instant of the initial pulse and the time 
when V-3 begins to conduct, tbe germanium 
diode (CR-1) presents а low impedance 
path so that the capacitor C-7 bypasses 
the common cathode resistor R-6, resulting 
in greater voltage’gain and higher circuit 
sensitivity. When V-3 conducts, a pos- 
itive pulse results in the cathode cir- 
cuit; thus the common cathode resistor 
is no longer bypassed as the germanium 
diode offers a very high impedance with 
the reversed polarity. Also the apparent 
V-3 grid circuit resistance is raised by 
the high impedance of the germanium diode 
with this polarity. When the circuit re- 
turns to the normal condition the capac- 
itors discharge through the germanium 
diode in the low impedance direction. 
This circuit gives the Model 389 Thyac 
the desired dead time characteristics. 


4. METERING. 


The meter M-1 is calibrated so that the 
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instrument reads directly in counts per 
minute. During the pulse periods the 
plate current of V-3 (approximately 500 
microamperes) charges capacitor C-5. The 
individual pulses are integrated by the 
discharge of capacitor C-5 through the 
meter and resistance R-3. The time con- 
stant of this combination is made up of 
the natural time constant of the meter 
апа (R-meter-FR-3) xC-5. The actual time 
constant of the Thyac, or time for the 
meter to reach .67 of the final reading, 
will be 3 to 5.5 seconds with a nominal 
value of 4 seconds. When the time constant 
of themetering circuit is large compared 
бо the interval between pulses, the meter 
shows an average reading of the pulse 
repetition rate. However, variations will 
occur іп the metering with long intervals 
between pulses. These variations are 
caused by the random occurrence of the 
particles being measured. The result is 
а statistical variation in the pulse rep- 
etition rate. The magnitude of the random 
variation is inversely proportional to 
the square root of the average pulse rep- 
etition rate and inversely proportional 
to the time constant of the circuit. 


5. SWITCHING. 


All switching functions in the Model 389 
Thyac are accomplished by the switch S-1, 
operated by knob E-5. In the "OFF" pos- 
ition all of the batteries are discon- 
nected from the circuit. As the switch 
is advanced clockwise the ranges 80,000, 
8,000, and 800 counts per minute are en- 
ergized in succession. Ranging is accom- 
plished by connecting capacitors C-4, 
C-3, or C-2 respectively into the circuit 
to provide control over the length of 
time V-3 is conducting during each pulse, 
controlling the average current flowing 
through meter M-1. 


6. AURAL MONITORING CIRCUIT. 


A reasonable audio output for aural mon- 
itoring is accomplished with а minimum 
of loading of the circuit by connecting 
the earphone across the common cathode 
resistor R-6. Capacitor C-6 functions as 
& coupling capacitor and R-9 as a current 
limiting resistance. 
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CHARACTERISTICS 


THRESHOLD VOLTAGE* (МАХ)800 VOLTS 
PLATEAU LENGTH* (MIN)200 VOLTS 
PLATEAU SLOPE* (Max) 3 %/100 VOLTS 
(V57800 To 1000 V) 
RECOVERY TIME HSEC 
BACKGROUND C/M 
(V97900 V) 
COUNTS 
(AT 6000 C/M, Vg? 900 V) 
LIFE TEST END POINT, SLOPE %/100 VOLTS 
(V_=850 To 950 М) 
ACTIVE ЦЕМСТН................-.- 2:75 [NCHE 
WALL (ALUMINUM) MG/ CM 


*NEW TUBES 


RATINGS 


OPERATING VOLTAGE 850 VOLTS 
950 VOLTS 


AMBIENT TEMPERATURE | 10% c 
100° С 
RELATIVE HUMIDITY.......... (Max) 100 9, 


COUNTS PER MIN. 


CHARGE PER PULSE 
COULOMBS x 10710 


Figure 2-2 1B85 TUBE CHARACTERISTICS 
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CHARACTERISTICS 


FILAMENT VOLTAGE - 1.25 VOLTS 
FILAMENT CURRENT MA 
DIRECT INTERELECTRODE CAPACITANCES 

CRID TO PLATE 

GRID TO ЕПАМЕМТ..................... 

PLATE TO FILAMENT 


TYPICAL OPERATION 
(As DC AMPLIFIER) 


PLATE VOLTAGE 
GRID VOLTAGE 


TRANSCONDUCTANCE 
PLATE CURRENT (ZERO SIGNAL CONDITION). 
GRID CURRENT (APPROX.).. 


MAXIMUM RATINGS 
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Figure 2-3 5828 TUBE CHARACTERISTICS 
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7. VIBRATOR POWER SUPPLY. 
(See illustration below.) 


The Model 517 Vibrator Power Supply used 
in the Model 389 Thyac utilizes a non- 
synchronous vibrator. The supply operates 
at very low power consumption with a 
series vibrator-transformer connection. 
The input is 4.5 volts and the output is 
900 volts for operating the Geiger tube 
and 55 volts plate supply for the vacuum 
tube circuits. High voltage rectification 
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is accomplished by a type 5517 cold-cath- 
ode gaseous rectifier ina half-wave cir- 
cuit. А pi section filter is used and a 
type 5841 corona regulator and its asso- 
ciated resistor (R-3) regulate the out- 
put. The low voltage section utilizes a 
selenium rectifier in а half-wave cir- 
cuit, а pi section filter, and a neon 
glow tube regulator with its associated 
resistor (R-5). Capacitor C-1 and resistor 
R-1 bypass the vibrator contacts and func- 
tion as an arc suppressor. 
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Figure 2-4 VIBRATOR POWER SUPPLY SCHEMATIC WIRING DIAGRAM 


3 Section 


OPERATION 


SECTION 3 
OPERATION 


NOTE: All symbol designations refer to 
the exploded view (Figure 4-2, Page4-4.) 
and to the parts list 


1. GENERAL. 


If desired, the plastic strap (H-2) maybe 
fastened to the instrument by snapping 
the strap hooks oVer the stud on each 
end of the instrument case. The strap 
may nowbe adjusted to the desired length 
and placed over the shoulder. 


If aural monitoring is desired the ear- 
phone provided is connected to the in- 
strument by insertion of the phone plug 
into the jack (J-1). The adjustable head 
band may be fitted to suit the operator. 


The probe may be removed from the combi- 
nation clamp and handle, by lifting up 
on the probe against the spring action 
of the clamp. The coiled cable allows 
freedom, yet keeps out of the way 


2. GAMMA RAY MEASUREMENT. 


1. Close the beta shield (E-2) on the 
probe. 

2. Turn the range switch (E-5) to the 
80,000 counts per minute range and 
wait several seconds for the 
instrument to warm up. 

3. Place the probe in the location to 
be measured. 

4. If the reading is less than 107 of 
the full scale, rotate the switch 
to the 8,000 counts per minute 
range. 

5. If the reading is still less than 
107 of the full scale, rotate the 
switch to the 800 counts per minute 
range. 

6. Watch the meter (M-1) for about 30 
seconds to determine the average 
reading. This is particularly 
important on the 800 counts per 
minute range. 

7. Read the meter and correct for back- 
ground if necessary, and record 
the data. 


З. BETA RAY MEASUREMENT. 


1. With probe shield closed perform 
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the above gamma ray measurement 
steps "1" through "7". 

2. Open the probe shield by operation 
of thebutton (H-10) and repeat the 
measurement. 

3. Neglecting gamma absorption by the 
shield, the beta intensity is then 
the differencebetweenreadings "1" 
and "2". 


4. BACKGROUND MEASUREMENT. 


1. Turn the range switch to the 800 
counts perminute range. The inten- 
sity is at or near background when 
the meter reading is less than 206 
of full scale. 

2. Plug the earphone into the jack 
(J-1) on the front of the case and 
adjust head band for comfort. 

3. While observing a stop watch or 
other watch with а sweep-second- 
hand, count the number of clicks in 
the earphone for a one minute time 
interval. 

4. Repeat step 3 several times allow- 
ing à rest period between counts. 

5. Average the one minute background 
readings to obtain the results in 
counts per minute. 


5. RADIUM MEASUREMENTS. 


Roentgen rate measurements on radium may 
be read directly (using the 1B85 counter 
tube) on the red scale of the meter. Cal- 
ibration will be correct for radium ra- 
diation filteredby 0.5 mm platinum, under 
which condition the ranges are 20, 2.0, 
and 0.2 milliroentgens per hour. 


From the chart in Figure 3-1 it will be 
seen that the minimum energy dependence 
is obtained with the probe shield open. 
Тпуас roentgen calibration has therefore 
been made with the shield open, and 
assumes no beta radiation is present. If 
the shield is used closed to exclude beta 
particles in a mixed beta-gamma field, 
then the instrument reading should be 
multiplied by 1.15 to obtain the correct 
gamma dose rate. 


Approximate correction for other radiation 
energies may be found from Figure 3-1. 
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(to obtain actual roentgens) 
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1885 IN THYAC PROBE 


1000 1200 


KEV EFFECTIVE 


Figure 3-1 TYPICAL WAVELENGTH DEPENDENCE CHART 


SECTION 4 
MAINTENANCE 
NOTE: Unless otherwise specified, all 2. 
symbol designations refer фо the exploded 3. 


view (Figure 4-2. Page 4-4.) for identi- 
fication, and to the parts list, Section 
5, for description of the proper re- 
placement parts. 


1. GENERAL NOTE. 


The mechanical design of the 389 Thyac 
permits easy servicing of the circuits 
and quick replacement of the batteries. 
The counter tube, protective grill, beta 
Shield, and probe are all removable so 
that they may be cleaned or replaced in 
case of contamination. A hard, smooth 
finish onthe instrument case facilitates 
decontamination. 


2. BATTERY REPLACEMENT. 


a. REPLACEMENT OF THE 4.5 VOLT BATTERY. 
1. Separate the sections of the case 
by turning the four Dzus fasteners 
a quarter turn counter-clockwise 

and lifting the cover off. 


Remove the 4.5 voltbattery plug. 
Unsnap the two snapslide fasteners 
holding the 4.5 volt battery in 
place. 

Remove the battery bracket. 
Remove the old battery. 

Insert the fresh battery. 

Set battery bracket in place. 
Snap snapslide fasteners into 
position. 

Press battery plug into position. 
Replace cover and fasten Dzus 
fasteners. 


b. REPLACEMENT OF THE 1.3 VOLT BATTERY. 


I. 


Separate the sections of the case 
by turning the four Dzus fasteners 
counter-clockwise and lifting off 
the top. 

Lay the top section of the case 
on its side. 

Unsnap the clamp holding the 1.3 
volt battery in place. 

Remove the 1.3 volt battery. 
(Observe polarity) 

Insert the fresh battery. 
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6. Lock the battery clamp. 
7. Reassemble. 


З. PROCEDURE FOR CHECKING THE 1885 COUNTER 
TUBE. 


1. Make sure that thebatteries are sat- 
tisfactory, and the correct voltage 
is impressed across the tube. 

2. Place а source of beta or gamma ra- 
diation at the proper distance to 
yield à meter reading of 40,000 
counts per minute. 

3. Connect а 10 megohm resistor in par- 
allel with the counter tube so as to 
reduce the tube operating voltage to 
850 volts. If а 10 megohm resistor 
is not available, a 45 volt battery 
connected series bucking will prod- 
uce the same effect. 

4. If the meter reading decreases be- 
low 36,000 counts perminute replace 
the 1B85 counter tube. 


4. REPLACEMENT OF THE COUNTER TUBE. 


1. Remove the probe from the instrument 
handle. 

2. Slide the shield open and turn the 
latch button into the enlarged notch. 

3. Unscrew the latch button. 

4. Slide the shield off the probe. 

5. Unscrew the perforated guard from 
the base section. 

6. Remove the friction sleeve by slip- 
ping off of theend of the base sec- 
tion. 

7. Hold the guard in the left hand. 
Grasp the netal contact of the count- 
er tube with the fingers of the right 
hand, and while wiggling back and 
forth, pull the tube free. With the 
base section unscrewed the tube is 
held by à rubber gasket, and the 
wiggling may be necessary to pull 
the tube free. 

8. Remove the rubber gasket from the 
old tube. 

9. Slip the gasket over thebase of the 
new tube. 

10. Carefully wipe theglass on the bot- 
tom of the tube free of finger prints 
with а clean dry cloth. 

11. Insert the tube in the base section 
of the probe. 

12. Replace the friction sleeve. 

13. Screw the guard onto the base sec- 
tion. 

14. Slide the shield intoplace with the 
enlarged locking notch to the free 
end (away from the cable). 

15. Replace the locking latch button. 
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5. CALIBRATION. 


The Model 389 Thyac is calibrated by ex- 
posing it to radium gamma radiation from 
а known source and adjusting the CAL ad- 
justment and trimmer capacitors. Calibra- 
tion is best performed in an open space, 
with no nearby metal objects, and with 
the instrument andradium source support- 
ed on à wooden or other non-metallic bench. 
1. To calibrate, place a one milligram 
(mg) standard radium source 240 cen- 
timeters (cm) from the center of the 
probe. Remove top cover of instrument, 

2. Open the beta shield. 
3. If other than a1mg source is avail- 


able, correct the distance figures 
by theuse of the following equation. 
2 
1 d 
x D 
Where: 
x is the mass. 
d is the known distance. 


D is the unknown distance. 


4. Turn the range switch (8-1) to the 
800 counts per minute range andallow 
the instrument to warm up. 

5. Adjust the CAL control (R-8) until 
the meter reads 600. 

6. Turn range Switch to 8,000 counts 
per minute range. 

т. Place the 1 mg radium source 75 ст 
from the center of the probe. 

8. Adjust the trimmer capacitor C-3 
until meter M-1 reads 6,000 counts 
per minute. 

9. Turn the range switch to the 80,000 
counts per minute range. 

10. Place the 1 mg radium source 24 cm 
from the center of the probe. 

11. Adjust trimmer capacitor C-4 until 
meter M-1 reads 60,000 counts per 
minute. 


6. TROUBLE SHOOTING NOTES. 


Detection of faults and replacement of 
defective electronic components is accomp- 
lished by conventional procedures. 


It mustbe kept in mind that it is imper- 
ative torecalibrate the instrument after 
replacement of any components except bat- 
teries. 


A schematic diagram is included in this 
manual, Figure 2-1 оп page 2-3 . Note 
that voltages at key points are marked 
on this diagram. Voltage readings should 
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be made with à voltmeter having a minimum Supply are impractical. Return the unit 
of 20,000 ohms per volt internal resist- to the manufacturer for repairor replace- 
ance. ment. 


The Model 517 Vibrator Power Supply is A chart of symptoms and possible sources 
potted and sealed Гог more reliable орега- of trouble is included in this manual. 


tions therefore field repairs to the power See illustration belcw. 
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THE MODEL 


The Model 389A Thyac is essentially the 
same as the Model 389 and the informa- 
tion in this manual applies except for 
the changes outlined on this sheet. 


1. The neon glow tube, NE 7, (See fig- 
ure 2-4, Page 2-6.) functioning as 
the low voltage regulator is mount- 
ed on the control panel to form a 
pilot indicator instead of being 
mounted inside the power supply 
can. This pilot light, because of 
its primary function as a regula- 
tor, indicates that the batteries 
and power supply are delivering 


389 A 


THYAC 


the correct operating voltages. 


The Model 517A Vibrator Power Sup- 
ply used with the Model 389A is а 
plug-in unit secured with а modi- 
fied mounting bracket designed to 
facilitate replacement of the sup- 


ply. 


The Model 389A Thyac is tropical- 
ized to prevent fungus growth in 
tropical climates. 


The set of headphones is not sup- 
plied as standard equipment with 
the 389A Thyac. 


5. PARTS LIST 


The parts for the Models 389 and 389A are inter- 
changeable except for the following: 


a. The 389A uses top section 389-112 in place of 


part 389-71. 


b. The 389A uses name plate (symbol N-1) 389-109 
in place of part 389-77. 


c. The 389A uses friction sleeve (symbol 0-2) 
389-98 in place of part 389-25. 


d. The 389A uses coiled cord (symbol W-1) 389-16 
in place of part 389-9. 


e. The 389A uses Vibrator Power Supply 517-61 in 
place of part 517-5. 


f. The 389A uses 4 4700 ohm resistor (symbol R-3) 
185-175 (Allen Bradley part EB 4721) in place 


of part 185-253. 


